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its  report  examines  and  summarizes  published  and  some  unpublished 
data  on  the  relative  effects  of  conservation  tillage  (primarily  no  till) 
versus  conventional  tillage  on  surface  runoff,  soil  loss  and  phosphorus 
loss.  The  data  show  that  conservation  tillage  increased  runoff  relative 
to  conventional  tillage  on  soils  with  poor  internal  drainage  and  reduced 
runoff  on  more  permeable  soils.  Conservation  tillage  greatly  reduced  soil 
loss  and  total  particulate  P  (TPP)  loss,  but  the  percent  reduction  of  TPP 
was  only  89X  of  the  percent  reduction  in  soil  loss.  Conservation  tillage 
ipci^eaged  soluble  P  (OP)  losses  in  all  cases.  Conservation  tillage  was 
less  effective  in  reducing  plant-available  (Bray  PI)  phosphate  than  in 
reducing  TPP.  P  fertilization  in  excess  of  crop  needs  increased  soluble 
P  losses  in  runoff,  and  the  effect  of  P  fertilization  on  soluble  P  losses 
was  greatest  with  no  till  because  of  P  accumulation  at  the  surface. 
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INTRODUCTION 

The  Lake  Erie  Wastewater  Management  Study  (LEWMS)  has  determined  that 
conservation  tillage  practices  can  significantly  reduce  gross  erosion  from 
cropland  in  the  Lake  Erie  basin  (Corps  of  Engineers,  1979),  and  that  this 
reduction  can  be  achieved  with  no  loss  of  crop  yield  if  conservation  tillage 
Is  only  used  on  those  soils  for  which  the  practice  is  suited  (Forster,  1979). 
It  is  assumed  this  reduction  in  gross  erosion  will  also  significantly  reduce 
the  diffuse  phosphorus  load  to  Lake  Erie,  an  assumption  that  is  based  on 
the  fact  that  v  80%  of  the  total  tributary  phosphorus  load  to  the  lake  is 
sediment-bound  P  (hereafter  referred  to  as  total  particulate  phosphate  -  TPP) 
and  that  'c  70%  of  the  diffuse  phosphorus  tributary  load  is  from  agricultural 
land  use.  In  its  estimate  of  P  reduction  with  conservation  tillage,  LEWMS 
assumed  that  these  practices  would  only  be  60-90%  as  effective  in  reducing 
P  as  in  reducing  erosion.  This  range  of  effectiveness  was  based  on  data 
from  a  few  studies  (Corps  of  Engineers,  1979)  and  was  applied  to  the  total 
phosphate  load  rather  than  just  TPP. 

This  report  examines  the  available  literature  on  effects  of  tillage 
on  soil  and  nutrient  losses,  and  addresses  the  following  specific  questions: 

1.  What  is  the  relationship  between  erosion,  TPP  loss  and  soluble 
P  loss  (hereafter  referred  to  as  orthophosphate,  OP)? 

2.  The  effect  of  conservation  tillage  systems  (no-till,  chisel  plow, 
etc.)  on  soil  loss  and  TPP  and  soluble  P  losses. 

3.  Effect  of  reduced  tillage  on  infiltration  and  runoff. 

4.  Effect  of  P  fertilization  practices  on  loss  of  available  and 


soluble  P  in  runoff. 
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CONCEPTUAL  RELATIONSHIPS  BETWEEN  SOIL,  TPP  AND  SOLUBLE  P 

Phosphate  exists  In  the  soil  as  soluble  and  particulate  phases  as  well 
as  in  several  chemical  forms.  During  runoff,  erosion  and  sediment  transport, 
several  reactions  occur  simultaneously.  These  are  visualized  in  Figure  1. 

1.  Precipitation  strikes  the  soil  surface  and  a  fraction  infiltrates 
while  another  portion  runs  off. 

2.  Part  of  the  water  that  infiltrates  continues  to  percolate  down¬ 
wards  and  part  reacts  with  only  a  shallow  zone  of  soil  below  the 
surface  before  leaving  the  field  in  the  runoff.  This  zone  of  run¬ 
off  interaction  is  probably  <  1  cm  (Personal  comnunication  with 
Dr.  Andy  Sharpley,  USDA-AR,  Durant,  Oklahoma). 

j.  Prec Ipitatioii  striking  the  soil  surface  dislodges  soil  particles 
and  runoff  carries  some  of  the  eroded  soil  downslope  with  only 
a  fraction  actually  leaving  the  field  as  sediment.  During  the 
erosion  and  sediment  transport  process,  there  is  a  selective  removal 
of  clay  and  organic  matter,  and  both  of  these  materials  contain 
higher  levels  of  phosphorus  than  the  coarser  sand  and  silt 
fractions.  As  erosion  is  reduced  by  conservation  tillage  (e.g.  no¬ 
till),  the  sediment  that  is  lost  from  the  field  becomes  progres¬ 
sively  more  enriched  in  clay  and  organic  matter  and  the  phosphorus 
enrichment  ratio  increases  (Figure  la).  Therefore,  the  percentage 
reduction  in  TPP  with  conservation  tillage  will  be  less  than  the 
percentage  reduction  in  soil  loss. 

4.  As  water  reacts  with  the  soil  surface  (the  zone  of  interaction), 
soluble  P  held  In  soil  pores  is  removed,  water  soluble  soil 
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Figure  1.  A  conceptual  view  of  phosphorus  transport  in  runoff  from  agricultural  land 
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phosphorus  compounds  are  dissolved  and  some  of  the  Inorganic  P 
sorbed  on  soil  surfaces  Is  desorbed  Into  the  water.  Also, 
some  soluble  P  is  contributed  from  decaying  crop  residues  especially 
in  no  till  systems. 

5.  The  final  concentration  of  soluble  P  in  runoff  leaving  the  field  will 
be  determined  by  the  equilibrium  between  soluble  P  and  the  sediment, 
and  the  characteristics  of  the  equilibrium  isotherm  (Figure  lb), 
are  dependent  on  such  properties  as  fertilizer  use,  soil  loss, 
soil  chemical  characteristics,  etc.  These  will  be  discussed  later. 

Runoff  produced  by  excessive  precipitation  erodes  and  transports  soil 
and  the  particulate  and  soluble  P  associated  with  that  soil.  Because  of  the 
high  affinity  of  soil  for  soluble  P,  most  of  the  P  in  runoff  is  particulate. 
Figure  2  shows,  for  example,  that  storms  which  generated  soil  loss  for  »  1-ha 
watershed  in  Michigan  (Ellis  eit  al. ,  1978)  also  transported  TPP  and  OPP,  but 
TPP  increased  more  rapidly  with  increasing  soil  loss  than  did  OP.  The  ques¬ 
tion  that  will  be  examined  in  this  report  is  to  what  extent  are  TPP  and  OP 
reduced  when  conservation  tillage  is  used  to  reduce  soil  loss,  and  are  there 
other  management  factors  such  as  phosphate  fertilization  which  affect  P 
losses  in  runoff? 

EFFECT  OF  CONSERVATION  TILLAGE  ON  RUNOFF 

Plant  residue  on  the  soil  surface  serves  to  protect  the  soil  from 
raindrop  impact  and  will  help  prevent  soils  with  poor  surface  structure 
from  crusting  and  sealing.  Residue  also  Increases  surface  roughness 
compared  to  conventional  clean  tilled  soil,  and  these  factors  should  give 
increased  infiltration  and  reduced  runoff  with  no  till  or  other  tillage 


systems  which  maintain  a  high  degree  of  cover.  On  the  other  hand,  significant 
roughness  is  achieved  with  moldboard  plowing,  especially  in  the  fall,  and 
Johnson  and  Moldenhauer  (1979)  have  recently  shown  good  infiltration  and 
lower  runoff  when  soils  were  plowed  at  optimum  moisture  contents. 

Data  from  several  studies  varying  in  scale  from  rainfall  simula’tor 
plots  to  small  watersheds  (<  1  ha)  were  examined  and  the  results  summarized 
in  Table  1  and  Figure  3.  In  Figure  3,  runoff  from  no  till  or  till  plant 
systems  were  plotted  against  runoff  from  the  conventional  tillage  treatment. 
Only  studies  where  tillage  treatments  were  compared  at  the  same  location 
at  the  same  time  were  included.  Figure  3  shows  that  soils  which  have  poor 
Internal  drainage  or  restricted  subsurface  drainage  gave  higher  runoff  with 
no  till  than  with  conventional  tillage.  Soils  which  are  permeable  and  do 
not  have  restricted  subsurface  drainage  had  higher  runoff  with  conventional 
til lage. 

There  are  several  factors  which  probably  control  the  effect  of  tillage 
on  runoff: 

Soils  which  have  restricted  drainage  may  be  saturated  during  periods 
of  high  precipitation,  and  the  increased  infiltration  capacity  afforded  by 
the  rougher,  more  open,  no  till  surface  cannot  be  utilized.  In  the  Corn 
Belt  where  winter  and  early  spring  rains  contribute  much  of  the  annual 
runoff,  the  roughness  and  surface  storage  capacity  provided  by  fall  moldboard 
plowing  may  be  more  important  in  reducing  runoff  than  the  effects  of  no  till 
residue.  No  till  may  reduce  runoff  on  more  permeable  soils  by  reducing  the 
crusting  whieh  can  occur  with  conventional  tillage. 


1 


In  the  hake  Erie  drainage  basin,  no  till  will  probably  either  increase 
runoff  or  have  little  effect,  except  on  some  well  drained  soils  where  runoff  may 
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Table  I  .  Effect  of  conservation  tillage  versus  conventional  tillage  on 

surface  runoff  (the  crop  is  corn  except  where  noted  otherwise). 


Tillage 

Precipitation 

- cra/yr- 

Runoff 

Comments 

Reference 

Convent  Iona l 

48.7 

4.3 

Johnson  et  al  (1979) 

Tilt  plant 

48.7 

2.0 

II 

Conventional 

12.7 

10.1 

Simulated 

Romkens  et  al  (1973) 

No  Till 

12.7 

7.4 

rainfall 

II 

Conventional  (1970) 

81.8 

15.4 

II 

Schwab  et  al  (1973) 

No  Till  (1970) 

81.8 

17.8 

tl 

91 

Conventional  (1971) 

68.9 

8.8 

II 

II 

No  Till  (1971) 

68.9 

8.7 

II 

It 

Convent  Iona  L 

13.4* 

6.4 

Soybeans 

McDowell  and  McGregor 
(In  Press) 

No  Till 

15.4* 

4.6 

II 

11 

Convent  Iona  l 

1 18.0 

28.3 

If 

II 

No  Till 

118.0 

13.0 

II 

II 

ConvenLiona 1 

1 69 . 0 

83.2 

II 

II 

No  Till 

169.0 

42.8 

II 

11 

Convent  Iona  I 

67.9 

5.7 

Soybeans 

Logan  and  Stiefel  (1979) 

No  Till 

67.9 

6.8 

II 

II 

Conventional 

6.6 

2.5 

Simulated 

Mannering  et  al  (1966) 

Mlnlimim  Tillage 

6.6 

3.6 

rainfall 

11 

Convent lonnl 

11.1 

9.3 

Simulated 

Triplett  £t  al  (1968) 

No  Till  <40%  residue 

11.1 

8.7 

rainfall 

11 

cover) 

Conventional  (1974) 

96.5 

13.5 

Smith  et  al  (1979) 

No  TUI  (1974) 

96.5 

17.5 

II 

Conventional  (1973) 

103.1 

17.5 

II 

No  Till  (1975) 

103.3 

22.6 

II 

Conventional  (1976) 

54.9 

5.8 

11 

No  Till  (19/6) 

54.9 

5.6 

II 

Conventional  (1977) 

96.3 

8.3 

II 

No  Till  (1977) 

96.3 

11.2 

II 

*  For  the  period  May-. lime  only. 
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decrease  slightly  with  no  till.  In  terms  of  stream  flow,  however,  there 
is  not  likely  to  be  much  effect  of  tillage  since  much  of  the  percolation 
in  the  major  crop  producing  areas  is  intercepted  by  tile  drainage  systems 
or  seepage  and  returned  to  the  stream. 

EFFECT  OF  CONSERVATION  TILLAGE  ON  REDUCTION 
OF  TOTAL  PARTICULATE  PHOSPHATE 

Table  2  suiranarizes  erosion  and  phosphorus  losses  form  agricultural 
land  with  conservation  tillage  and  conventional  tillage.  The  studies 
reported  here  include  rainfall  simulator  plots,  field  plots  and  small  water¬ 
sheds.  Table  2  shows  dramatically  the  great  reduction  in  soil  loss  that  can 
be  achieved  with  conservation  tillage  systems  including  no  till.  The  data 
also  show  a  significant  reduction  in  TPP  with  conservation  tillage.  In 
Figure  4,  the  percent  reduction  in  soil  loss  was  plotted  against  the  percent 
reduction  in  TPP.  The  line  plotted  through  the  points  has  a  somewhat  lower 
slope  than  the  1:1  line.  In  fact,  the  slope  was  0.89  which  means  chat 
conservation  tillage  is  89%  as  effective  in  reducing  TPP  as  in  reducing  soil 
Loss.  This  compares  favorably  with  the  high  value  of  90%  assumed  in  the 
LEWMS  Phase  II  Report  (1979)  rather  than  the  lower  value  of  60%. 

This  less  than  100%  efficiency  in  reducing  TPP  is  a  result  of  the 
phosphorus  enrichment  ratio  relationship  with  soil  loss  shown  in  Figure  lb. 
Sharpley  (1980)  and  Menzel  (1980)  have  recently  shown  that  there  is  a 
logarithmic  relationship  between  phosphorus  enrichment  ratio  (PER)  and 
sediment  load  (kg/ha): 


In  (PER)  -  2.00  -  0.20  In  (sediment  load)  (Menzel,  1980) 

In  (PER)  ■  2.48  -  0.27  In  (sediment  load)  (Sharpley,  1980) 
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Table  2.  Loan  of  sediment,  total  particulate  phosphate  (TPP)  and  soluble  orthophosphate  (OP) 


with  conventional  and 

conservation  tillage 

(crop 

was  corn  except  where 

noted  otherwise) , 

Tl  Unite  Precipitation 

Runoff 

Sediment 

TPP 

OP 

Comments 

References 

— 

- cm - 

- kg/ha - 

— 

Cl '  vent  ionn  1 

48.7 

4.3 

18,000 

38.88 

0.12 

Values  estimated  Johnson  et  al 

fill  1*  1  nu  t 

fl 

2.0 

4,000 

10.85 

0.15 

from  graphs 

(1979 

Convent  loan  1 

46. H 

11.7 

2,004 

1.90 

0.05 

Two  different 

Logan 

No  till 

75.  :i 

13.8 

74 

0.32 

0.09 

years  on  same 

(unpublished) 

plot 

Convent lonal 

12.7 

10.1 

46,120 

15.48 

0.002 

Simulated 

Romkens  et  al 

No  Till 

It 

7.4 

3,470 

2.11 

0.009 

rainfall 

(1973) 

Conventional  (NY) 

_ 

10 

20,000 

33 

0.15 

Model  output 

Haith  and 

Cals,  tillage  (NY) 

— 

8 

9,000 

15 

0.11 

using  field 

Loehr  (1979) 

Conventional  (lows) 

— 

7 

17,000 

23 

0.24 

data 

It 

Cons,  tillage  flown) 

— 

5 

5,000 

17 

0.16 

•  1 

II 

Convent  Inna  I  (Cn) 

— 

19 

41 ,000 

17 

0.39 

II 

•  1 

Cons,  tillage  (Cn) 

— 

16 

24,000 

10 

0.32 

II 

It 

Conventional  (1*1/0) 

81 .8 

15.4 

1,749 

8.3 

0.20 

Schwab  et  al 

No  Till  (1 '»/()) 

II 

IV.  8 

438 

0.4 

1.70 

M 

(1973) 

Conventional  ( 1  *>7  1 ) 

68.9 

8.8 

772 

1.2 

0.10 

No  Till  (19/1) 

II 

8.  7 

273 

1.3 

0.20 

Convent iona L 

15.4 

6.4 

25,300 

13.5 

0.001 

Soybeans 

McDowell  and 

Continuous  No  Till 

•  1 

4.6 

60 

0.19 

0.93 

II 

McGregor 

Moybeans-wheat 

II 

0.3 

5 

0.02 

0.03 

(In  Press) 

No  Till 

Soybcans-curn 

II 

7.7 

530 

1.17 

0.28 

•  1 

No  Till 

Co rn- soybeans 

«« 

6.1 

340 

0.82 

0.98 

•• 

No  Till 

Conventional 

96* 

11.8 

3,570 

0.16 

Mean  of 

Smith  et  al 

No  Till 

It 

15.4 

470 

— 

1.56 

seven  years 

(1979) 

data 

*  Mean  precipitation  for  HA  years  of  record. 


11  we  assume  a  value  of  700  wg  P/g  as  an  average  concentration  for 
Lake  Erie  basin  soils  (Logan,  1978),  we  can  use  the  above  equations  to 
predict  reduction  in  TPP  with  erosion  control.  In  Table  3,  total  particulate 
phosphate  load  (TPP)  has  been  calculated  for  1,  5  and  10  metric  tons/ha  of 
sediment  loss  and  the  phosphorus  reduction  efficiency  calculated  by  using 
the  10  mt/ha  sediment  load  as  the  level  of  sediment  before  control.  This 
gives  a  percentage  efficiency  between  80  and  94%,  similar  to  the  89%  found 
for  field  monitored  data  (Figure  4). 

EFFECT  OF  CONSERVATION  TILLAGE  ON  REDUCTION  OF  SOLUBLE 
INORGANIC  PHOSPHORUS  IN  RUNOFF 

As  indicated  in  Figure  2,  runoff  does  not  transport  as  much  soluble  P 
as  it  does  TPP,  and  soluble  P  (OP)  does  not  increase  with  increasing  runoff 
as  much  as  TPP  does.  As  discussed  previously,  this  is  related  to  the 
buffering  of  OP  by  the  sediment  during  runoff. 

In  the  case  where  no  till  is  used.  Table  2  shows  that  there  is  a  great 
reduction  In  sediment  load  with  only  minor  changes  in  runoff  volume  compared 
to  conventional  tillage.  Table  2  also  shows  that,  whereas  TPP  was  reduced 
proportionally  with  tin-  reduction  in  sediment,  soluble  P  (OP)  Increased 
In  all  rases  (excluding  the  data  of  Haith  and  Loehr,  1980  which  is  a 
computer  generated  output  and  may  have  been  based  on  erroneous  assumptions) . 
There  are  several  reasons  for  this  effect.  In  a  non-equilibrium  soil,  such 
as  a  fertilized  soil  where  the  phosphate  added  has  not  reacted  completely 
with  the  soiL  minerals,  there  are  significant  amounts  of  soluble  P  held  in 
soli  pores,  precipitated  as  soluble  compounds  or  adsorbed  on  soil  surfaces 
(Figure  1).  During  runoff  some  of  this  soluble  P  is  removed  and  comes  to 
equilibrium  (or  near  equilibrium)  with  the  sediment  in  the  runoff.  When 


Table  3.  Calculated  phosphorus  loads  and  phosphorus  reduction  efficiencies  using  the  PER/sediment 
load  equations  of  Menzel  (1980)  and  Sharpley  (1980) . 
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no  tilL  is  used,  Che  amount  of  sediment  In  the  runoff  decreases  dramatically 
but  the  runoff  volume  is  little  changed.  Therefore,  the  amount  of  soluble 

P  lull la  LI y  removed  during  runoff  is  similar  to  that  with  conventional 

tillage;  but  there  Is  less  sediment  in  the  no  till  runoff  to  buffer  the 

soluble  P  load  and  it,  therefore,  increases  relative  to  conventional  tillage. 

Another  reason  for  higher  soluble  P  levels  with  no  till  is  the  buildup  of 

fertilizer  P  on  the  surface  of  no  till  soils  (discussed  in  the  next  section) 

and  the  leaching  of  soluble  P  from  decaying  plant  residues.  McDowell  et  al. 

(1980)  examined  the  equilibrium  P  concentrations  (EPCp)  of  no  till  soils  in 

Mississippi  with  corn  grown  for  grain  and  for  silage.  EPCo  as  shown  in 

Figure  1  is  t>  measure  of  soluble  P  concentrations  in  runoff,  and  McDowell,  et  al 

(1980)  reported  EPC0  values  of  0.18  and  0.22  pgP/ml  for  grain  plots  and  0.15 

and  0.15  > gP/ml  for  the  silage  plots  where  much  of  the  corn  stalks  are  removed 

at  harvest.  In  addition,  losses  of  soluble  P  in  the  fall  and  winter  period 

from  spuing -plowed  plots  were  0.426  kg/ha  for  the  corn  grain  plots  and  0.195 

kg/ha  for  the  silage  plots. 

These  results  Indicate  tiiat  while  no  till  can  be  expected  to  greatly 
decrease  soil  loss  on  land  previously  tilled,  the  main  effect  on  phosphorus 
loads  will  be  to  significantly  decrease  the  particulate  P  with  no  change 
or  an  Increase  in  soluble  P.  If  this  is  true,  then  other  management  options 
for  controlling  soluble  P  must  be  considered  including  fertilizer  use. 

EFFECT  OF  PHOSPHATE  FERTILIZATION  ON  LOSSES 
OF  AVAILABLE  AND  SOLUBLE  P  IN  RUNOFF 


A  i 


i 

8  !' 


When  fertilizer  P  is  added  to  soil,  it  is  generally  100Z  orthophosphate, 
100Z  available.  It  reacts  immediately  with  the  small  volume  of  soil  that 


it  contacts  and  much  of  it  is  rendered  insoluble  and  unavailable. 


Long-term  soil  fertility  research  has  shown  that  only  about  10-20%  of  the 
fertilizer  P  remains  available  after  addition.  The  unavailable  forms  include 
highly  insoluble  precipitates  of  P  with  soil-containing  cations  such  as  Fe, 
Al,  Mg,  Ca  and  others,  and  P  which  has  sorbed  and  diffused  into  soil  mineral 
surfaces.  The  available  forms  include  soluble  P  in  soil  pores  and  labile 
P  sorbed  onto  soil  surfaces.  The  chemistry  and  mineralogy  of  a  particular 
soil  will  determine  the  extent  to  which  fertilizer  P  is  converted  to 
available  and  unavailable  forms,  and  the  distribution  of  P  between  these 
forms  will  affect  the  amounts  of  TPP  and  OP  in  runoff.  But  for  a  particular 
soil,  any  increase  in  P  fertilizer  over  and  above  the  needs  of  the  crop 
will  increase  the  levels  of  available  P  in  the  soil  and  the  levels  of 
soluble  P  as  well. 

Since  P  fertilization  above  crop  removal  will  increase  the  total  P 
level  in  the  surface  soil,  it  should  also  increase  TPP  losses  in  runoff  if 
erosion  remains  the  same.  More  important,  however,  is  the  effect  of  P 
fertilization  on  the  loss  of  "available"  TPP.  In  the  studies  reported  here, 
"available"  means  available  to  crops  and  is  determined  by  a  standard 
chemical  extraction  such  as  Bray  PI  (Bray  and  Kurtz,  1945).  However,  it 
also  reflects  the  pool  of  TPP  that  would  be  available  to  algae  •  Lake  and 
Morrison  (1975)  reported  on  a  simulated  rainfall  study  of  fertilized  and 
unfertilized  Indiana  soils.  The  data  (Table  4)  show  that  while  TPP  in 
runoff  Increased  with  fertilization,  the  increase  in  Bray  PI  available 
sediment  P  losses  was  much  greater  and  can  be  explained  by  the  higher 
available  P  levels  of  the  clay  fraction  of  the  soils,  the  fraction  that 
is  selectively  transported  during  runoff. 


Table  4.  Runoff  losses  of  TPP  and  Bray  Pi  extractable  sediment  P  under  simulated  rainfall  (Lake  and  Morrison,  1975). 
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Stmilarly,  Table  5  shows  that,  where  P  was  applied  In  excess  of  crop 
needs  (Smith  et  al.,  1979),  Bray  PI  sediment  P  losses  increased,  and  the 
increase  was  greatest  with  no  till.  Table  5  also  gives  the  data  of  Johnson 
et^  al.  (1979)  which  showed  an  increase  in  Bray  PI  sediment  P  in  one  case 
where  soil  loss  was  reduced  with  conservation  tillage  and,  in  the  other 
case,  only  a  74%  reduction  compared  to  the  >  90%  reduction  in  TPP  for  the 
same  study  (Table  2) . 

Relationship  Between  P  fertilization  and  Soluble  P  in  Runoff 
Fertilizer  P  increases  the  available  P  level  in  soil  and  soluble  P 
in  soil  pores.  Also,  at  higher  available  P  levels  the  equilibrium  between 
adsorbed  P  and  P  in  solution  is  shifted  towards  higher  concentrations.  If 
runoff  volume  and  soil  loss  remain  the  same,  P  fertilization  in  excess  of 
crop  needs  should  increase  soluble  P  losses  in  runoff.  Several  researchers 
have  clearly  demonstrated  this  relationship  using  different  approaches. 

Romkens  and  Nelson  (1974)  found  a  highly  significant  positive  linear 
relationship  between  soluble  P  concentrations  in  runoff  and  Bray  PI  extractable 
P  of  the  sediment,  and  McDowell  ejt  al. ,  (1980)  found  that  several  available 
P  tests  including  Bray  PI  and  Olsen's  bicarbonate  (Olsen  et  al. ,  1954)  were 
correlated  with  EPCQ,  a  measure  of  soluble  P  concentrations  of  water  in 
equilibrium  with  sediment. 

Oloya  and  Logan  (1980)  recently  examined  the  desorption  of  soluble  P 
from  soils  and  sediments  with  a  wide  range  of  Bray  PI  extractable  P  levels 
and  found  that  there  was  a  highly  significant  positive  relationship;  about 
5-10%  of  the  available  P  could  be  desorbed  in  a  24-hr.  period. 


KC£ect_ of  Fertilizing  No  Till  Soils  on  Soluble  P  Losses 
No  tlLL  soils  are  commonly  fertilized  by  broadcasting  on  the  soil 
surface,  or  as  a  starter  application  with  the  planter  if  available  P  levels 
are  high  enough.  Since  the  soil  is  not  disturbed  and  since  fertilizer  P 
reacts  rapidly  with  the  small  volume  of  soil  it  contacts,  P  braodcast  on 
the  surface  of  no  till  soils  will  accumulate  there.  This  is  illustrated 
by  the  data  of  Oloya  and  Logan  (1980)  given  in  Table  6.  A  total  of  268  kgP/ha 
was  applied  to  no  till  and  conventional  plots  over  a  four-year  period.  This 
increased  Bray  PI  available  P  from  18  pg  P/g  prior  to  fertilization  to  about 
50  ug/g  in  the  15  cm  depth  of  the  fall-plowed  plots  and  to  150-184  pg/g  in 
the  0-5  cm  depth  of  the  no  till  plots.  This  increase  resulted  in  increased 
desorbable  P  from  these  soils  (Table  6)  and  the  monitoring  data  (unpublished) 
Indicate  that  soluble  P  levels  in  the  runoff  have  also  increased  steadily, 
with  the  greatest  increases  from  the  no  till  plots. 

Romkens  £t  al.  (1973)  used  simulated  rainfall  to  study  runoff  from 
fertilized  and  unfertilized  plots  with  different  tillage  systems.  No  till 
and  chisel  plowing  reduced  soil  loss  compared  to  conventional  plow  systems 
but  soluble  P  losses  were  higher  with  the  no  till  system.  The  fertilized 
no  till  plot  had  4.85  kgP/ha  soluble  P  loss  compared  to  0.003  kg/ha  with 
the  fertilized  conventional  plowing.  This  study  has  been  criticized  because 
the  simulated  rain  was  applied  only  24  hours  after  fertilizer  application, 
but  it  nevertheless  demonstrates  the  potential  for  loss  of  soluble  P  when 
fertilizer  is  broadcast  on  no  till  soil. 

Baker  and  Laflen  (1980)  also  used  simulated  rainfall  to  study  movement 


of  fertilizer  P  with  residue  management.  They  found  that  placement  of 


Hoytville,  Ohio  (Oloya  and  Logan,  1980). 


Extractable  P  and  P  desorbed  are  means  of  duplicate  extractions. 


Jrrilllzfr  I*  on  I  he  so i  I  surface  either  above  or  below  the  crop  residue 
gave  much  higher  soluble  P  Jos:--es  then  noaferti 1 ized  ulotr.  or  plots  where 
the  fertilizer  was  Injected  below  the  soil  surface.  Their  work  showed  that 
the  major  problem  was  the  accumulation  of  fertilizer  P  at  the  surface  and 
not  necessarily  t lie  degree  to  which  the  fertilizer  reacted  with  the  soil 
prior  to  rainfall.  This  is  probably  because,  as  Oloya  and  Logan  (1980) 
have  shown,  surface-applied  fertilizer  P  builds  up  very  Ugh  levels  of  available 
P  at  the  soil  surface  and  part  of  this  is  desorbed  during  runoff  to  become 
soluble  P. 

IMPLICATIONS  FOR  AVAILABLE  PHOSPHORUS  CONTROL  WITH  NO  TILL 

Several  workers  have  studied  the  bioavailability  of  TPP  in  Great  Lakes 
tributary  sediments  (Cowen  and  Lee,  1976;  Logan  et  al. ,  1979;  Armstrong 
et  al. ,  1979)  and  they  show  that  about  207.  of  TPP  is  available  with  a 
range  ol  about  lU-50%.  If  we  arbitrarily  assume  that  P  losses  from  Lake  Erie 
cropland  prior  to  adaption  of  conservation  tillage  are  2.0  kgP/ha  TPP 
and  0.2  kg/ha  OP,  then  based  on  previous  discussion  in  this  report  on  no 
till  effectiveness,  TPP  may  be  reduced  by  90%  to  0.2  kgP/ha  and  OP  would  be 
unchanged  at  0.2  kg/ha.  This  represents  a  percentage  reduction  of  (TPP  +  OP) 
of  81. 8%,  but  if  we  assume  that  the  TPP  is  20%  available  and  OP  is  100% 
available,  then  the  reduction  in  total  available  P  is  only  60%.  If,  as  the 
data  (Table  2)  has  shown,  there  is  actually  an  increase  in  OP  with  no  till, 
then  these  percentages  will  be  lower  and  the  reduction  in  available  P  may  be 
in  the  range  of  30%. 

If  decreases  In  available  P  greater  than  30%  are  required,  then  no 
till  alone  will  not  be  adequate.  This  report  has  shown,  however,  that  there  is 
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a  strong  relationship  between  P  fertilization  practices  and  loss  of  both 
available  TPP  and  also  OP  in  runoff.  Therefore,  P  fertilization  management 
may  be  required.  Management  practices  which  could  reduce  available  P  losses 
witli  no  till  Include: 

1.  Keep  available  P  levels  in  the  soil  no  higher  than  is  necessary 
for  optimum  crop  production.  This  requires  an  annual  soil  test 
to  monitor  soil  fertility  levels. 

2.  If  soil  test  levels  are  above  the  sufficiency  level  (Ohio 
Agronomy  Guide,  1980),  a  row  fertilizer  which  is  placed  in  the 
soil  with  the  seed  should  be  used. 

3.  If  soil  test  levels  are  below  the  sufficiency  level^  two  options 
are  possible:  build-up  the  level  by  broadcasting  P  and  plowing 
it  in  before  going  to  no  till;  or  build  the  level  up  more  slowly 
with  small  annual  broadcast  applications  and  a  row  fertilizer  and 
then  plow  after  several  years  of  no  till  to  incorporate  the  added 
P  to  lower  depths. 


1.  No  tiLL  dramatically  reduces  soil  loss  (>  90%  reduction)  compared 
to  conventional  plow  systems. 

2.  No  t L LI  increases  runoff  compared  to  conventional  tillage  with  soils 
that  have  poor  internal  drainage  or  have  restricted  subsurface  drainage, 
while  no  till  decreases  runoff  on  soils  that  are  more  permeable. 

J.  No  till  is  about  89%  as  effective  in  reducing  TPP  loss  as  it  is  in 
reducing  soil  loss. 

4.  Soluble  P  (OP)  loss  Increases  with  no  till  compared  to  conventional 
tillage. 

*>.  Available  TPP  loss  decreases  less  with  no  till  than  does  TPP. 

f).  Available  TPP  loss  increases  with  P  fertilization. 

/,  There  is  a  strong  positive  relationship  between  P  fertilization  or 
available  P  level  of  soil  and  soluble  P  loss  in  runoff. 

H.  P  fertilizer  broadcast  on  no  till  land  increases  soluble  P  losses  in 
runoff  more  than  if  the  fertilizer  were  incorporated. 


1 

I 
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